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(71) We, THE RANK ORGANISA- 
TION LIMITED, of 11 Hill Street, London 
W1X 8AE, a British Company, formerly of 
Millb.mk lower, Millbank, London, S.W.I, 
do hereby declare the invention, for which 
we pray tliat a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

'1 his invention relates to an optical objec- 
tive, more particularly to an optical objective 
of the type commonly known as the Petzval 
type, which comprises from and rear positive 
lens groups axially separated by an air space, 
not containing anv lens components, of not 
less than U.75F, where I* is the equivalent 
focal length of the complete objective. 

There is a requirement in various fields 
for objectives having a high specification, for 
example an F-number of the order of 1.2 
to 0.9 with a substantial entrance pupil of 
at least 150 mm. covering a field of ; _4 to 
r. 5 degrees, wherein all aberrations over a 
large waveband are well corrected, particu- 
larly those arising due to the secondary 
spectrum , v difference in focus for light at the 
two extreme ends of the waveband to be 
covered as com p.i red with th.' focal plane at 
the centre of the wa v eba n d ' ! . 

In the prior art, a major limitation of 
known refract in c obiectives attempting to 
provide such a high specification, in particular 
large aperture and wide operating waveband, 
has been aberrations arising from the 
second irv spectrum. Glass materials having 
anomalous diapers -on characteristics have 
been employed, but these create difficulties 
in correction of primarv mon 
rations In consequence, ca; 
tives hive be* en designed 
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ration correction when operating over a wide! 
waveband at a large aperture. 

According to the invention, there is pro- 
vided an optical objective of the type which 
comprises front and rear positive lens groups 
axially separated by an air space, not con- 
taining any lens components, of not less than 
0.75F, where F is the equivalent focal length 
of the complete objective, wherein the front 
and rear lens groups each consist firstly of a 
triple lens combination of three lens elements 
and secondly of a single lens element, the 
single lens element within each group being 
positioned on the side of the triple lens com- 
bination nearer the air space separating the 
two lens groups and being of shorter focal 
length than the equivalent focal length of the 
triple lens combination of the same group, 
whereby the respective triple lens combina- 
tions ire located in the object and image 
spaces of the respective single lens elements 
in the front and rear groups. 

In the above-described objective according 
to the invention, the said triple lens com- 
bination in each croup is provided primarily 
to v»y,;:'.butc towards aberration correction, 
while the said single lens element in each 
group is provided primarily to contribute 
towards the refracting power of the objective. 

Prcfeiahlv, the triple lens combination in 
the from leu- croup is approximately afocal 
..focal lencth greater than -'10FV Thi. lem 
combination mav conveniently comprise a 
cemented triplet. The lens combination in the 
rear lens group preferably also has a sub- 
stantial foval length exceeding I 7 , the focal 
length if the single element in this group 
being I'." 4 than F. This lens combination mav 
conveniently comprise either a cemented trip 
let or a 'merited doublet component followed 
bv a simple ci mpo-ent. In ca.h case, the 
-:p!e !:•: s element combination preferable 
compri'-e- a front cop.verginc element, an 
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the curvature of the front surface is preferably 
at least twice and preferably at least approxi- 
mately three times the curvature of the rear 
surface. The avoidance of extreme materials 
is useful to reduce difficulty in correction of 
primary aberrations. 

A field flattening lens is preferably pro- 
vided to the rear of the rear lens group, con- 
veniently a negative simple component. 

The substantial air separation between the 
two groups is preferably not less than about 
1.0F. This large separation makes it possible 
to locate a reflecting component between the 
two lens groups, for example to fold the 
optical axis through any of a wide range of 
angles. 

The objective is particularly useful for 
application in the field of sighting devices, 



and for such application a graticule may be 
provided to the rear of the field flattener, 20 
relatively close to the image plane. The grati- 
cule may be axially movable to suit a varying 
object distance. 

Numerical data for two examples of optical 
objective according to the invention are set 25 
forth in the following tables wherein, in the 
radius (R) column, the negative sign indi- 
cates a surface concave to the front. The 
tables also give the axial separations between 
adjacent surfaces; in this column d denotes 30 
a lens thickness and S an air spacing. The 
refractive indices (//) are given for the d-line 
of the spectrum. Clear apertures (C.A.) are 
also tabulated. Units are millimetres, but 
clearly the objective can be dimensionally 35 
scaled up or down. 
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Both examples have an cm ran ee pupil of 
about 150 mm. diamcter, X "1ind lixample 1 
covers an angular held of :t~ 5 degrees while 
Example 2 covers a field of ziz4 degrees. The 
back focal length in Example 1 is 6.882 and 
in Example 2 it is 9.57. In each case, for 
example when the objective is to be used in 
a sighting device, a plane graticule may be 
positioned between the rear surface of the 
held flattening lens and the image plane. 
Such a graticule will be axially movable to 
suit differing object distances. 

For clarification, it will be understood that, 
in Example 1, the front lens group comprises 
the surfaces R, to R, the rear lens group 
comprises the surfaces R 7 to R i: . and the held 
flattening lens comprises surfaces R, 4 to R,.. 
1 he triple lens combination in the front group 
is a cemented lens triplet deimed by surfaces 
R, to R, and the single lens element by the 
surfaces R, to R, . In the rear group, the 
single lens element i\ detmed bv surfa.es R 
to R v and the triple lens combination h\ Mir- 
ta.es R to R. i n Example I, rhis triple 
lens , .-inbination in the rear group consist, 
of a .emented lens doublet R. to R. , and a 
ample comp.-nem R ;j to R :: Example 2 i, 
•miliar, but the rear lens group has <>- c i.- s . 
;urta^- as (he triple lens , omhmat io n therein 
is termed a- a , "menteJ Ions triple: R f 
R " 



In each example, the triple lens combina- 
tions in the front and rear groups are primarily 
used for aberration correction and the single 
lens elements to provide refracting power. 
This is especially true of the front lens group, 
where the triple lens combination is substan- 
tially a focal. Thus, in Example 1, the focal 
length of the triple lens combination in the 
front group is 2364.1, while the focal length 
of the single lens element is 409.08. This 
arrangement, wherein each group comprises a 
combination of three lenses primarily provid- 
ing aberration correction and a single lens 
element primarily providing refracting power, 
enables aberrations of the secondare spectrum 
to be well corrected without the introduction 
of extreme lens materials which are disadvan- 
tageous to correction of the primarv aberra- 
tions, especial I v higher order monochromatic 
aberrations. 

Various modihearions are possible within 
the scope of the invention. More especially, 
the aberration -correcting triple lens comb; na- 
tion in the front grou.p, while com;. ti:u: of 
three lens elements, need not essentially be 
formed as a cemented triplet component. 

Examples 1 and 2 are further exemplined 
in the Fibres 1 and 2 of the drawing acc :n 
panving the provisional vp.- ei ucatien 
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WHAT WE CLAIM IS:— 
1. An optical objective of the type which 
comprises front and rear positive lens groups 
axially separated by an air space, not con- 
5 taining any lens components, of not less than 
0.75F, where F is the equivalent focal length 
of the complete objective, wherein the front 
and rear lens groups each consist firstly of 
a triple lens combination of three lens ele- 

10 ments and secondly of a single lens element, 
the single lens element within each group 
being positioned on -tile side of the triple 
lens combination nearer the air space separat- 
ing the two lens groups and being of shorter 

15 focal length than the equivalent focal length 
of the triple lens combination of the same 
group, whereby the respective triple lens com- 
binations are located in .the object and image 
spaces of the respective* single lens elements 

20 in the front and rear -groups. 

2. An objective according to claim 1, 
wherein the triple lens combination in the 
front lens group has a focal length greater 
than 10F. 

25 3. An objective according to claim 1 or 
claim 2, wherein the triple lens combination 
in the front lens group comprises a cemented 
triplet component. . 

4. An objective according to claim 1 or 
30 claim 2 or claim 3, wherein the triple lens 

combination in the rear lens group has a 
focal length exceeding F, the focal length of 
the single lens element in the rear group 
being less than F, where F is the focal length 
35 of the complete objective. 

5. An objective according to any of claims 
1 to 4, wherein the triple lens combination 
in the rear less group comprises a cemented 
triplet component. 

40 6. An objective according to claim 5, 
wherein the triple lens combination in the 
rear group comprises a cemented doublet 
front component and a simple rear component. 
7. An objective- according to claim 5, 

45 wherein the triple lens combination in the 



rear group comprises a cemented triplet 
component. 

8. An objective according to any of claims 
3 to 7, wherein the or each triple lens com- 
bination comprises a front converging ele- 50 
ment, an intermediate diverging element and 

a rear convergent element. 

9. An objective according to any of claims 
1 to 8, wherein the single lens element in 
either one or both of the front and rear lens 55 
groups comprises a meniscus element concave 

to the rear. 

10. An objective according to claim 9, 
wherein the curvature of the front surface of 

the simple meniscus component is at least 60 
twice and preferably at least approximately 
three times the curvature of the rear surface 
thereof. 

11. An objective according to any of claims 

1 to 10, wherein in each lens group, the re- 65 
fractive indices of the materials of the lens 
elements differ from one another by not more 
than 0.15. 

12. An objective according to any of claims 

1 to 11, including a field flattening lens to 70 
the rear of the rear lens group. 

13. An objective according to claim 12, 
wherein the field flattener is a negative simple 
component. 

14. An objective according to any of claims 7 $ 
1 to 13, wherein the separation between the 

two lens groups is not less than F. 

15. An objective according to claim 14, 
including a reflecting component located 
between the two lens groups to fold the 80 
optical axis of the objective. 

16. An objective according to any of 
claims 1 to 15, for use in a sighting device, 
including a graticule positioned to the rear 

of the rear lens group. 85 

17. An optical objective substantially as set 
forth in the tables relating to Examples 1 
and 2. 

H. G. AMANN, 
Agent for the Applicants. 
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